^ttecUPM ? TQ 10 Mi ML 



made of fiber-reinforced thermoplastic materials, where a blank 
formed of a short, long, and/or endless fiber and a thermoplastic 
material is first pre^finished, and this blank is brought xnto 
the final form of the^mpWnt in a negative mold, under 
pressure, in a hot-forming process, a process for manufacture 
components which are under tensile, bending, and/or —on 
stress, made of fiber-reinforced thermoplastic material-, where a 
blank formed with a f ^proportion of moreJhanJO volume-, and 
with at least ^^^^t^olj^ssji^r.s and a 
^h-e^m^s^material^s^t-^re^ished, and thxs blank xs 
brought into the final form of the component xn a negatxve mold, 
under pressure, in a hot-forming process, as well as components 
manufactured by one of these processes . 

Components made of fiber-reinforced thermoplastic materials are 
mostly used as connecting e lements . These components are 
Intended to r^^T^T for example. Partxcularly for 
use in medical technology, in other words as bone screws , for 
example, screws made of fiber-reinforced thermoplastxc materxals 
are significantly better suited, since they are compatxble xn 
structure with the bone, no problems with corrosion resxstance 
ccur, the weight can be reduced as compared with metal screws, 
and the usual medical examination methods are not hxndered, xn 
contrast to the use of metal. 

Screws and threaded rods made of fiber-reinforced 'heretic 
materials have alread^becomej^ where the screw blanks are 
Troduced eitl^y^r^x^ by means of a multx componen 
injection molding process. In this known embodxment (DE-A-40 16 
427) circular solid rods produced by means of coextrusxon are 
used' as the starting material. For the core region 
\ thermoplastic granulate with long fibers, length S-XO mm, xs 
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prepared in an extruder; for the other region, thermoplastic 
material with short fibers is prepared in a second extruder. 
This results in a starting material in which a coaxial 
arrangement with inner long fibers and outer short fibers is 
present. The long fibers in the inner core region are 
predominantly directed in an axial direction, by means of an 
extrusion flow process, while the short fibers in the outer 
region transfer shear forces into the thread turns. The thread 
turns are produced by subsequent cold-forming, e.g. by means of 
thread roll heads or machines. Such cold- forming is made 
possible by the use of short fibers, but reduced strength values 
result, in particular, from the arrangement of such short fibers 
in the thread region. 

in a process in accordance with DE-T2-68919466, a blank is 
inserted into a two-part mold and formed in it. The cold blank 
is laid into a mold cavity, heated, expanded, and cooled. 
Therefore, forming is possible only to a limited degree, and in 
addition, it is almost impossible to influence the alignment of 
the fibers, or at least not possible to do so in a pre-determmed 
manner . - . 

' The present invention has now set itself the task of creating a 
process for manufacturing components made of fiber-reinforced 
thermoplastic materials, with which an optimum adaptation to the 
clients' purposl^f use is possible. Furthermore, it is the 
task of the invention to create components manufactured according 
to this process, with which the force introduction and 
distribution, i.e. the rigidity can be adapted to the composition 
of the body interacting with the component, in particular manner. 

The process according to the invention therefore provides that 
the blank is first heated to forming temperature in a heatxng 
stage, and then pressed into the negative mold bymeans_o_f 
^ extrusion. The fibers, which are distributed over the entire 
' c -ross^iction of the blank, are oriented and distributed m a 
manner that can be controlled, in very targeted manner, by means 
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of the subsequent _extru^ion_process . The fiber orientation and 
fibe^di^lbulion and therefore the mechanical properties of a 
component manufactured according to this process can therefore be 
specifically characterized and brought into relation with the 
/? . process parameters of the manufacturing process. - By mpan s ofe- 
T, ^trrrsroSM-fiber orientation can be additionally controlled, 
W so that different strength values can also be achieved over the 
length of a corresponding component. 

in a process using more than 60 volume-% endless fibers, the 
blank is also first heated to forming temperature in a heating 
stage, and the^t^ed into the negative mold J^^e-^ 
/^j^xv*^. Specifically when using a great density of endless 
fibers, the rigidity and the strength of a component to be 
manufactured can be controlled in very targeted manner. 
Particularly in the case of components with a complex shape, the 
precise predictability of the optimum fiber progression and the 
optimum fiber density in a certain region has an advantageous 
effect . 
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Furthermore, it is proposed that the blank is pre-f inished as rod 
r ^^ a1 a nd cut to the lengths reqn ire^SX-tM-fjn^ 
com ponents before the hot-forming process. The material pieces 
^ired for the final components are cut off the pre-fimshed 
" 4 rod material, and subsequently brought into the hot-forming 

process. In other words, the method of procedure is similar to 
that of extrusion of metal parts. 

Specifically when using endless fibers, it is provided that 
fibers with a length that cc^ ponds_al^L.e. a ^ - t . o the lengt h of 
t^^^^h^x^^omoner^r^Be^ This makes it 
possible to achieve even more improved rigidity and strength. 

It would also be possible for a blank composed of layers with 
different fiber orientation in its lengthwise direction to be 
formed. In other words, it is possible to cover uncounted new 
areas of use with the process according to the invention, since 
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the work is always aimed at a very specific purpose of use for 
the components to be manufactured, and a precisely pre -determined 
strength and rigidity can be achieved. 

in this connection, it is also possible that a blank is formed 
from more than one polymer laminate, e.g. with several layers 
with a different matrix material and a different arrangement 
and/or different volume-% proportion and/or different fiber 
material and/or different lengths of the fibers. It is also 
possible to achieve a precise adaptation to the final 
requirements for the component to be manufactured by means of 
such measures. 

in this connection, it can also be advantageous if theJolank_is_ 
formed into the final corr^ ongntj3,y-meana_of_a_RusJ^ pull extru sion 
pr^Tl?teblank, cut"c^ffrom the rod material, is formed in 
a corresponding extrusion mold, where the so-called push-through 
process according to DIN 8583 can be used. Iji^the^push^pull 
extrusion process, the blank is formed into the final component, 
in~^hTTTS§StTve mold, in several back- and- forth movements. 
Particularly in manufacturing strip-shaped or plate-shaped 
components, this process has a particularly positive effect. 

As compared with extrusion or push-pull extrusion of metal parts, 
a significant characteristic of differentiation that is provided 
is that in the extrusion or push-pull extrusion process, the 
blank is heated to a forjning temperature of 350-450 °C, for 
example, in a heating stage, and then pressed into the negative 
mold, where cooling below the glass transition temperature of the 
thermoplastic material, e.g. 143 °C, takes place during a post- 
pressure phase. For processing the fiber-reinforced 
thermoplastic materials, the extrusion process known for metal 
parts is changed in that the^blank is formed j io^at_room 
tetnperatyire^^^bu^th^ 
.temperature of the matrix material^ 
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Furthermore, it is advantageous that during the hot -forming 
process, carbon or graphite is used as a release agent. Such a 
release agent was obviously not used in forming thermoplastic 
materials until now. Here there is the additional particular 
advantage that graphite, for example, is biocompatible, in 
contrast to the coatings or release agents otherwise usually used 
for plastics, so that components for the medical sector are 
particularly suitable for this. Furthermore, it is provided, in 
accordance with the process according to the invention, that a 
blank made of PAEK (polyaryl ether ketones) reinforced wit h 
carEoTr^ -irber^^^ It has been" shown that by "means of 

The use specifically of such a material, the tensile strength of 
the component manufactured in this manner is approximately 3 0%, 
on the average, below the tensile strength of comparable steel 

□ components. For the area of use of such components made of 
fiber-reinforced thermoplastic materials, however, this is a more 
than sufficient strength, since it must always be taken into 
consideration what materials such a component is intended to 
interact with. Particularly when used in medical technology, in 
other words as bone screws, for example, or as plate -shaped or 

□ rail -shaped components, a correspondingly high fracture 
resistance is certainly sufficient, since such components already 
possess almost three times the available fracture resistance of a 
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* M n tho p rT—r rn ^-" "■^"g 1 ^h n invent i on. iL ij lui Lli L. rmca -i 
lU^'^'provided that at least part of the fibers run parallej^fetf'the 
f axis of the blank. It is also possible, however^-rflat at least a 

portion of the fibers have an orientationpasfti 0 to 90°. 
Particularly when manufacturing elong^Sacomponents, e.g. in the 
form of a screw or a strip- shaped^unting part, this results in 
particular possibilities of^ptation to the necessary strength 
ranges. The modulus orgasticity of screws manufactured from 
blanks with fibers^ligned axis-parallel is correspondingly 
higher, in ot^Sr^words suc h screw^endto^be stiffer. It has 
A/been shgwrf^hat the use of ^^^k l^^S^SB. makes a change in 

^ pT-rvjy-iuii nn no compared Lu the Lxix.1 piuy muluii In Lllfca. 
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blank possible, so that additional adaptation parameters become 
possible by means of the special fiber orientation in the blank. 

In accordance with the process according to the invention, fibers 
which have a length of more than 3 mm can be used. In all known 
fiber-reinforced thermoplastic materials for manufacturing 
corresponding components, short fibers or long fibers are used, 
as a rule. The use of endless fibers with a high fiber 
proportion of more than 50 volume-%, in connection with the hot- 
forming process, results in an optimum possibility for 
controlling the strength properties accordingly at every point of 
the component to be manufactured, so that different levels of 
rigidity, adjusted in locally targeted manner, can be achieved. 

Another characteristic of the process is that the fibers are i 
surrounded by matrix material, covering the surface, during l 
extrusion^ This means that no additional finishing is required 1 
for the components manufactured in final form by means of the 
hot -forming process, since the entire surface is already 
practically sealed. 

Within the scope of the invention, it is also possible that the 
components receive an additional surface seal during the hot- 
forming process. By means of the- influence of heat in the 
molding die, or by additional means, e.g. coating s or release 
agents, an additi onal surf ac^^^al^ oj_the ^^ni shed componen ts can 
be__a c h i ev-ed . 

The hot-forming process results in various possibilities for 
controlling the manufacturing process. A component to be 
manufactured in accordance with the process according to the 
invention is therefore characterized by a progression of the 
fibers pre -determined in adaptation to the structure and the use 
of the component, to achieve regions with locally pre-determined 
rigidity and strength. The greatest tensile strength was 
achieved, for example, with components that were manufactured at 
high forming speed and high blank temperatures. Taking into 


consideration the torsion strength, on the other hand, maximum 
values are achieved if comparatively low forming temperatures and 
a low forming speed are used. In other words, specifically in a 
process for manufacturing components made of fib er- reinforc ed 
thermop lastic mater ial^/, the process according to the invention 
"c^e^tespossibilities for adapting a component to a specific 
purpose of use, and it would certainly be possible to have a work 
step consist of two or more stages, for example, each with a 
different forming speed. 

By means of adaptation to the shape and the use of the component, 
a pre-determined progression of the fibers, with reference to the 
longitudinal direction, diameter, thickness, shape of the 
component, or, in the case of openings, depressions, indentations 
or similar shapes in the component, regions with different fiber 
orientation or different fiber progression can be provided. Such 
a component can be particularly adapted to a special purpose of 
use. In other words, the force introduction and force 
distribution in such a component can be better adapted to the 
composition of the body which interacts with this component. 
This is particularly true for medical technology, for example in 
the case of bone screws and medical assembly parts and attachment 
strips, etc., but also for other applications in machine 
construction, in electrical applications or electronics, or in 
construction. 

Therefore it is also an advantageous embodiment that this 
component is structured as a connection element with an 
engagement end for a tool and a threaded shaft, and that the 
rigidity of the connection element varies from the engagement end 
to the free end, by means of different fiber orientation. 
Specifically for components which can be used for the bone 
sector, an adaptation to the natural structure of a bone is 
possible, so that a light, non-magnetic, X-ray-transparent, and 
biocompatible connection element can be created. In contrast to 
most conventional metal screws, a truly effective component can 
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be created by adaptation of the fiber structure and the fiber 
progression . 

Furthermore, it is proposed, according to the invention, that the 
fibers run at least approximately parallel to the center axis of 
the component, from the engagement end over the thread turns 
which immediately follow it, while the fibers in the remaining 
threaded section follow the thread contour close to the surface, 
in the axis direction of the component, while an increasingly 
random distribution of the fiber orientation is provided in the 
core region of this section, however. This means that the 
greatest strength is present specifically in the region of the 
engagement of the component, structured as a screw, and in the 
subsequent threaded section, while the threaded sections which 
reach, into the bone region have a lesser tensile strength, since 
no tensile forces could be absorbed specifically in this region. 

In such a component according to the invention, it is also 
advantageous that the rigidity of the component decreases, in 
steps or continuously, by means of different fiber orientation 
from the engagement end towards the free end. Therefore a 
precise adaptation to the area of use of the component can be 
achieved specifically by means of the fiber progression, which 
results from the manufacturing process according to the invention 
and, of course, also from the forming speed. 

Furthermore, it is proposed that at leasfc-Qne_dsad. -end hol e or 
, one through ope ning, , for example fo r inserting a turning to ol or 
for passing th rough^mea^^ prov ided in the 

com Bpaeflfr, By~means of such an arrangement, xtTxs possible to 
apply corresponding torsion forces when driving in such a screw- 
shaped component, particularly when driving it out, if this 
becomes necessary. In the case of through openings or similar 
structures, an advantageous embodiment results also for flat- 
components, since the region surrounding the opening, for 
example, can be reinforced with a special fiber orientation. In 
this connection, it is advantageous if the dead-end hole or the 
through opening is molded in during manufacturing of the 


8 


component. Specifically in the case of a hot -forming process, 
this results in special possibilities for providing corresponding 
dead-end holes or through openings for turning tools, 
specifically during a forming process. 

A particular area of use for the components according to the 
invention results if the component is structured as a corticalis 
screw or spongiosa screw which is compatible in structure, for 
medical use. 

Another exemplary embodiment of a component provides that it is 
formed as a strip- shaped or plate -shaped mounting part with one 
or more through openings and/or segments projecting beyond the 
length or side delimitations, where the rigidity and strength can 
be pre-determined over its entire length and/or width and/or 
diameter. In other words, it is possible to manufacture any type 
of component with a special structure, using the process 
according to the invention, where an adaptation to the necessary 
strength and rigidity is possible even for very specific 
segments, since the fiber orientation and fiber density can be 
pre-determined. 

In this connection, it is provided that the component, structured 
as a mounting part, has the same strength and rigidity in the 
region of through openings and/or projecting segments as in other 
regions of the component, by means of a denser arrangement of 
fibers in these regions, which are usually weakened. Each 
component can therefore be designed in such a way that it no 
longer has any weakened zones, so that the strength and rigidity 
necessary for very specific purposes of use can be achieved in 
all segments. 

For the strength and rigidity to be adapted in such a way, it is 
therefore specifically optimal if the component is structured as 
an osteosynthesis plate, for example for use with a corticalis 
screw or a spongiosa screw. 
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Further characteristics according to the invention Oand special 
advantages will be explained in greater detail in the 
specification below, on the basis of the exemplary embodiment 
shown in the drawing. This shows: 

Fig. 1 a segment of a rod-shaped blank, partially shown in a 
cut-away view, in order to show a 0° orientation of enclosed 
endless fibers; 

Fig 2 a component in the form of a screw, where a schematic 
representation of the fiber orientation distribution in the screw 
is drawn in; 

Fig. 3 a diagram of the progression of the rigidity, with 
reference to the length of the component, which is provided to be 

a connection element; 

Fig. 4 a principle diagram of a possible melt extrusion die with 
temperature zones for manufacturing the component; 

Fig. 5 a schematic representation of an extrusion die; 

Fig. 6 a principle diagram for manufacturing a component using 
the p ush-pull extrusio n_process; 

. Fig. 7 a top view of a component manufactured using the push- 
pull extrusion process, which can be specif/cally used as an 
osteosynthesis plate. In the following explanation of the process 
according to the invention, as well as o/ the components 
manufactured according to the process, /it is assumed that the 
component (in accordance with FiguresA to 5) is a connection 
element, particularly a screw, whic/ is specifically used m 
medical technology, in other words' as a corticalis screw or 
spongiosa screw, for example, or/that the component (in 
accordance with Figures 6 and f> is a mounting part, particularly 
an osteosynthesis plate for i/teracting together with a 
connection element as mentioned above. /Within the scope of the 
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invention, of course, other components are also included, if the/ 
consist of fiber-reinforced thermoplastic materials and are / 
manufactured in a process according to the invention. The yk of 
such components is not limited only to medical technology ./it is 
certainly possible to use such components also in other a/eas of 
application, such as in machine construction, in electrical 
technology, in aerospace technology, in civil enginee/ing, etc . 
The components do not always necessarily have to be/manufactured 
in the form of connection elements (screws) , but/an also be used 
as components with completely different design forms, such as 
rails or plates, for example. It would be possible, for example, 
to equip the components made of f iber-reinf^ced thermoplastic 
materials, which are probably not structured as self -tapping 
screws, with a corresponding drill section, which can also be 
made from biocompatible material, if necessary, or can easily be 
removed after the drilling process . /Under some circumstances, 
such removal would not even be nec/ssary in various areas of 
application. The example is als/ explained on the basis of a 
fiber-reinforced thermoplastic /material which is produced with 
endless fibers with a volume proportion of more than 50%. Using 
the process according to th/ invention, however, it is just as 
advantageous to process f/ber-reinf orced thermoplastic materials 
which contain only shor/ fibers or long fibers or combinations of 
proportions of short, /ong, and/or endless fibers. The process 
according to the invention can also be successfully used witAi a 
fiber proportion of/less than 50 volume-% in the blank. 

The connection element shown in the drawing, in/the form of a 
screw 1, essentially consists of a head 2, an/engagement part 3 
for force introduction by a turning tool, ani a shaft 5 provided 
with a thread 4. As is particularly evidy t \from Fig. 2' of the 
drawing, the main point of the screw 2 ,[/ic] /s the progression 
of the endless fibers 6. By means of 


bers^aligned'-'in locally 


targeted manner within the structure Vthe screw 2 [\sicj has 
different degrees of rigidity, adjusted in locally targeted 
manner. This makes it possible to/adapt the rigidity to the 
natural structure of a bone, particularly when the screw is used 
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as a corticalis screw. By selection of a lamina^e-'of 
thermoplastic materials with carbon fibers, a/light, X-ray- 
transparent, and biocompatible connect ior^el erne nt can be created. 
The particular advantage of such a sc^ew lies in the fact that 
the rigidity and the rigidity gra^nts can be better adapted to 
the natural structure of the bo*fe than in the case of 
conventional metal screws . X means of the fiber structure, a 
better force distributioryis guaranteed, i.e. not only the first 
three screw turns are^he bearing parts. Furthermore, the 
connection element ^does not hinder conventional medical 
examination meth^cls, since it is non-magnetic and X-ray - 
transparent, yfhis is a particular disadvantage of conventional 
metal implants, including connection elements. They can make the 
examination findings of modern diagnostic methods, such as 
P computed tomography and magnetic resonance imaging, totally 
useless. 


Because of the post-setting behavior of the connection element, 
loosening would not be expected for quite some time. If the 
connection element is structured as a corticalis screw, the screw 
can be driven out again with the remaining residual strength, in 
~? case the thread has been stripped. 


As already explained, the connection element can be used in 
corrosive environments, in general machine construction, and 
particularly in those cases where high strength and targeted 
strength with low weight are demanded. Here again, the force 
introduction over more than three thread turns is a deciding 
factor . 

With the head of the corticalis screw shown in Fig. 2, various 
other elements can be fixed in place, for example an 
osteosynthesis plate. The engagement part 3 can be structured as 
an inside hexagonal part, for example. However, it is certainly 
possible to select different engagement shapes, for example a 
square opening, an inside star opening, or a Phillips head. 
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^•/is used to manufacture the corticalis screw (e.g. with 
ft J4r diameter of 3 mm) from PAEK (polyaryl ethyl ketonej^r^rfnf orced 
with carbon fibers. A special variant 
/ PEEK {polyether ethyl ketone) reinforced 


provide; 
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the use of 
h carbon fibers. The 
fiber orientation distribution and tke^ mechanical properties of 
the screw are characterized and^bfought into relation with the 
process parameters of the manufacturing process. 

^/^The fracture load op/the screws manufactured using the i ntrusion 
process lies in Jrne range between 3000 and 4000 N, the maximum 
torsion moment Ls between 1 and 1.5 Nm, where the maximum angle 
of distorjzfon according to ISO standard 6475 is up to 370°. The 
screws/possess a modulus of elasticity which decreases from the 
heaj2 / towards the tip, and can be designated as being homoelastic 
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Nature frequently utilizes the principle of fiber reinforcement 
in its structures. It is therefore advantageous, for reasons of 
structural compatibility, to structure medical ^implants also as 
flbejr--iairti^^^ Particularly in the field of 

osteosynthesis technology, developments are necessary to replace 
conventional steel osteosynthesis plates with less rigid implants 
made of fiber laminate materials. Specifically in connection 
with osteosynthesis plates, the structure according to the 
invention has an advantageous effect. Such an osteosynthesis 
system has numerous advantages as compared with a conventional 
steel implant. For one thing, there is homoelasticity relative 
to the bone, and therefore adapted load introduction into the 
bone is possible; for another thing, X-ray- transparency and 
computed tomography are possible. Furthermore, the measures 
according to the invention also result in cost-effective 
production in a hot-forming process. In addition, the . fact that 
components structured in such a way are unproblematic . in cases of 
nickel allergies is an additional point. 
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/In research work in this field, it was found/that only when using 
bone screws made of thermoplastic materia^/ reinforced with 
carbon fibers and, in this connection, m means of the 
manufacturing process according to th/ invention, was it possible 


fo/to create an optimum variant.' Bas 



on the .axtrus i - on ., process 
developed in this connection, bon/ screws made of^PEAK ),[sic] 
reinforced with carbon fibers w^re manufactured and" 
characterized. 

In the extrusion of metal parts, the work piece is generally 
pressed into a die at room temperature, using a punch. This is 
therefore one of the so-called press-through processes according 
to DIN 8583. For processing the fiber-reinforced thermoplastic 
materials, the process was modified in that the blank element is 
not formed at room temperature, but^ther_above the melting 
I $ t emperature of the matr ix materia l^ 

Round rods 7 of PAEK reinforced with carbon fibers (Fig. 1) serve 
as blanks for screw manufacturing; they have a fiber volume 
content of more than 50%, preferably 60%, where two different 
blank types were used with regard to the fiber orientation, 
namely blanks with a purely axis-parallel fiber orientation, on 
the one hand, and -blanks with a fiber orientation between 0 and 
±90°, on the other hand. 
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&^a*tk eluucut ia hs ated^^fefe^foi'tui uy Le mp ea p ature (e ^g^J 
£'450 °C) in a heated cxtruoion die 8 (heating stage), wh6 
heating can also take place in consecutive heatin^sfages 9 and 
10 (Fig. 4) . The blank 7 is therefore broughtTinto the first 
heating stage 9, pre-heated accordin^y^£here , heated further in 
the heating stage 10, and then^Eprttfed in the negative m °^^he 
/^/region of stage 11. By mea^of the punch 12, the blank *T^/ 
pressed into the negajU^mold (mold cavity) 13, and receives its 
final shape ther^The pressing speed can be in the range 
between 2 antf^O mm/s in this connection. The pressing pressure 
was I^G^pT in various tests. During a subsequent post-pressure 
-{ pressure appr o ximately 90 ^Pa^r-tte-^ie is-coT3Te^T5e±ow^ 
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$/ compressed air. After the externa**** die is opened, the find, 
corticalis screw can be removed. In a subsequent analys^bf a 
screw manufactured in this manner, it was shown tha^ptimum 
values can be achieved in each instance. This^fesults from the 
high proportion of fibers, the use of en^fs fibers, and the 
very specific forming process f or majatfracturing the screw. As is 
evident from Fig. 2, the fibers^e aligned predominantly in the 
direction of the screw axj^ln the region of the head 2 of the 
screw l. In the regiolT'of the screw tip, the fibers follow the 
screw contour^fn^other words the thread progression) in the edge 
region ^nilTa random distribution of the fiber orientation 


With regard to the mechanical properties, it must be stated that 
the mean value of tensile strength of the corticalis screws is 
about 460 N/mm2. The greatest tensile strength was achieved with 
screws which were manufactured at high forming speeds 
(approximately 80 mm/s) and high blank temperatures 
(approximately 400 °C) . The torsion strength of screws which 
were manufactured from blanks with an axis -parallel fiber 
orientation is 18% higher, on average, than for screws made from 
blanks with a 0°-/±45° fiber orientation. The maximum values 
were measured for screws which were manufactured at relatively 
low temperatures (380 »C) and low forming speeds (2 mm/s) . The 
modulus of elasticity in the lengthwise d irection of __the_screw is 
not-con-s-t-anTT~ buTT^ towards the tip. The 

^oduITTTellsIicity varTbi^erT 5 and 23 GPa, where screws 
which were manufactured from blanks with a 0° fiber orientation 
tend to be stiffer. This is also clearly evident from the ' 
schematic diagram according to Fig. 3. The rigidity represented 
by the diagram line increases in the direction of the screw head, 
where a bend exists in this line, specifically in a certain . 
region of the length of the shaft 5 with a thread. Specifically 
in this region, as is also evident from Fig. 2, the axis-parallel 
fiber orientation provided in the core region comes to an end. 
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Ifl)^/ components with complex geometry can also be manufactured' 

C^. cr-trucion of thermoplastic materials reinforced wi throng fibers, 
in a hot -forming process. The fiber orient ati^mstribut ion as 
the defining variable for the mechanicalparoperties can be 
controlled, within certain limits , byineans of a suitable 
selection of the fiber orientat><£ in the blank. The other 
process parameters investigated (forming speed and forming 
temperature) have a lesser influence on the ^eferttsion result. 


fl^J The tensile str^rfgth of^e 



lies about 30% below that 


frii 


SIS; 

y ; 


of comparabLe^steel screws, on average. An average fracture 
strength/of 3200 N is sufficient for osteosynthesis applications, 
sinc^a corresponding screw is already pulled out of the bone at 
ms- il e force -erf 800-1300 N. 

The ISO standard 6475 requires a minimum fracture moment of 4.4 
Nm and a torsion ,angle of at least 180° for steel screws with 
comparable dimensions. Such requirements cannot be met with 
screws made of fiber-reinforced thermoplastic materials (maximum 
1.3 Nm) . However, . experiments have shown that stripping of 
threads and therefore destruction of the screw while it is being 
driven into the bone is precluded, since the thread was already 
destroyed in the bone at a torque of approximately 0.8 Nm. The 
slow decrease in residual strength after primary failure would 
permit the damaged screw to be driven out of the bone even after 
a fracture. 


■#^~^^it^^ nt-^ -U^-T- u±Ly 2TH3PrrrH : 

corticalis screw is similar to the bone in its elasti. 
The rigidity in the lengthwise direction cl^ariydecreases 
towards the tip (decreasing rigi^^-grtdient ) . In the screwed- 
in state, the rigid pa^t^^h^crew (head region) is therefore 
close to the^rtlc^lis and therefore at the most rigid part of 
the tre^t^cTbone. With such a rigidity distribution, a force 
in&foauction which is extensively adapted to the bone structure 
ac hieved^ 
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With the present invention, the possibility has been created, for 
the first time, of manufacturing components from fiber-reinforced 
thermoplastic materials, which components have a special 
structure of a thread, a head, a shape, etc., for example, and 
are manufactured using a hot-forming process, and of achieving a 
design compatible with the area of application via the material 
properties, particularly the precise alignment of fibers. 

\o 

process which is practically effective only in one direction. 1^ 
0^ this process, the blank is brought to a correspondino^e^e^^re 
(dough-l ike or honey- JLik e flowing consisten cy) and^ffeei^^ssed 
intcTT^gative mold. Within the scope of the invent!^ it is 
also possible to use a push-pull extrusion process/specifically 
for manufacturing strip-shaped, rail-shaped, or^L ate -shaped 
parts, but also for screw- like or other connection elements and 
also for special shapes of parts or for special structures of 
bolts, etc. Under some circumstances/^, desired fiber 
orientation and fiber distributional be achieved by multiple 
pressing back and forth, in ot>e<f words by a multiple reversal of 
the pressing direction. Actional details in this regard will 
be explained at greater^ength on the basis of Fig. 6 and 7 . The 
push-pull extrusion^rocess can be of specific importance if, for 
example, dead-en^holes , through openings, indentations, or 
special shaped are provided in the corresponding part. Then the 
special progression of the fibers can be influenced, and the 
comport to be manufactured can therefore be particularly 
rorced specifically in that region where special 
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As a coating in the use of the process according to the 
invention, the use of carbon or graphite is provided. These 
coatings or release agents have been utilized practically only 
for the metal sector until now, and not for plastics. This 
results in additional advantages, since graphite is 
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biocompatible, in contrast to the usual release agents for 
plastic . 

In Fig. 2, an opening which is only short when viewed in an axial 
direction is provided for an engagement part 3. Within the scope 
of the invention, it is also possible to provide a 
correspondingly deeper dead-end hole or an opening which goes 
through axially here, in order to insert a corresponding turning 
tool. This would make it possible to overcome a higher driving- 
in torque, in addition to the values of torsion strength which 
already exist, since a corresponding tool can be inserted into 
correspondingly long insertion channels. Since manufacturing of 
X/ such a screw takes place using the «*fe*us±oa. process according to 
the invention, this additional shaping is possible without 
problems . 

Specifically in the case of rails or plates, through openings, 
indentations, dead-end holes, etc., can be provided, and these 
are then specifically surrounded by fibers. 

The fiber orientation in the screw 1 according to Fig. 2, or in a 
corresponding different component for another area of use, must 
fundamentally be considered in differentiated manner. It is 
specifically possible, using the measures according to the 
invention and the process according to the invention, to allow 
optimum fiber orientation in the finished component for each 
special purpose of use. Particularly in the case of a high fiber 
proportion of more than 50 volume-% and when using endless 
fibers, particularly effective variants are obtained in many 
areas of technology, particularly in the sector of connection 
elements and in the sector of medical technology. 

Fig. 6 shows a push-pull extrusion process, in a schematic 
representation, where the consecutive process steps I to IV are 
evident. In Step I, the blank 7 is inserted into a heating stage 
(section 9, 10) and heated to the forming temperature there. In 
Step II, the blank is pressed into the negative mold 13 in the 
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direction of the arrow 16. In Step III, the blank 7, which has 
(already been formed once, is pressed back again in the opposite 
'direction (direction of the arrow 17) . In Step IV, the blank, 
which has been formed twice or multiple times, is end-compressed, 
Pooled and unmolded, to produce the finished component. 

By meansof^ bolts 15_j tfhichare inse^tej^^ mold 13 

or fa^TTn^gh-it . componen€s^ I 4 can be 

li^^IctuEed., where the blank is pressed past these bolts 15 
s^BrTTTimes during the course of the push-pull extrusion 
process. This results in a very special progression of the 
fibers 6, as is evident from Fig. 7. The same or a similar 
effect is also obtained if projecting sections were present at 
the length and/or side delimitations of the component, structured 
as a mounting part 18. In the zones A, which are usually 
weakened, this results in a denser arrangement of the fibers 6, 
so that the same strength or rigidity is obtained in these zones 
as in the other regions B of such a component. 

Such an embodiment ' of a component is excellently suited for 
osteosynthesis plates, which can then be used, for example, in 
interaction with a screw manufactured by the process according to 
the invention. - Of course, the same advantages of 
biocompatibility apply to these plates, and in addition, the 
strength and rigidity are by no means less than that of the 
plates mainly used until now, which are made of stainless steel. 

In push-pull extrusion, various additional parameters are 
possible, by means of which the predictability of the fiber 
progression and therefore the adaptation of strength and rigidity 
to the structure of the component can be further improved. For 
example, the number of push or pull cycles, the cycle length, the 
cycle speed, the pressure and counter-pressure can be adjusted. 
Steps II and III can be repeated as often as desired, and for 
each push or pull cycle, the cycle path length can be newly 
selected. Centering of the component during Step IV does not 
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necessary have to take place. All the parameters can be changed 
as desired in Steps II to IV. 

The endless fibers are not excessively stressed during such a 
process, so that they do not break in many places. The 
transition from sites with strongly aligned fibers and sites with 
a homogeneous fiber distribution is continuous. In contrast to a 
known lamination technique, the process makes it possible to 
produce components which are not in sheet form. Geometries which 
otherwise occur only in injection-molding are made possible. In 
this connection, significantly higher strengths are actually 
achieved according to the invention. It has also become possible 
to manufacture components with holes, undercuts, etc. It is 
possible to optimize the fiber orientation in such a way that the 
capacity of the fibers, for example with regard to the mechanical 
properties, is fully utilized. The process allows composite 
processing which is in keeping with endless fiber reinforcement. 
In a single component, sites with isotropic and anisotropic 
properties occur next to one another, without any border surface 
being present. Since border surfaces or seams are also weak 
points, the invention also reduces the susceptibility of the 
component to fatigue. 

in the push-pull extrusion process according to the present 
invention, other variants are also possible. For example, a 
cycle step could be carried out not only in one direction, but 
also using two or three main axes. Furthermore, it would be 
possible to insert the pins shown in Fig. 6 only after 
homogenization of the blank, in other words after one or more 
Steps II or III. It would also be possible to have a previously 
homogenized blank, which has already been formed once or several 
times in a previous station. 

Within the scope of the invention, it is also possible to use 
blanks which consist of layers with dif ferent fiber orie ntation 
that run in the lengthwisF ^ectl5E^£^e-blanks . It would 
-irirbTi^ilble to use a~~bIa^kconsi S ting of more than one 
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polymer laminate (also when first producing rod material with any 
desired cross-section) . In such a case, the blank could consist 
of several layers with different matrix material and/or different 
arrangements and/or different volume-% proportions and/or 
different fiber materials and/or different lengths of the fibers. 
If endless fibers are used, then these generally have a length 
which at least corresponds to the length of the blank 7, as it is 
cut off from the rod material, in adaptation to the finished 
component . 


4= 


21 


